Both the lower-and higher-order Hermite moment models of softening processes and the model of hardening process are derived. The monotonic limits are found numerically; therefore it is convenient to judge directly the order of the Hermite model from the skewness and kurtosis. To overcome the systematic errors existed in the lower-order Hermite models, the iterative procedures to increase the transformation precision and the corresponding stoppage criteria are presented. Then the non-Gaussian peak factor is produced after the Gaussian peak factor is calculated and substituted into the Hermite model. The reduced and closed-form formulae of nonGaussian peak factor are discussed and compared with the numerically exact solutions, in which Winterstein's formulae overestimates the non-Gaussian peak factor and the bandwidth parameter related to the 4 th -order spectrum moment should not be introduced.
Introduction
Winterstein (1987) developed Hermite moment model to express explicitly the translation model between a non-Gaussian process and a Gaussian process. However the Hermite moment model have inherent shortcomings. The applicable ranges for the different forms of Hermite models, including the higher-and lower-order models of softening process, hardening process and skewed process, should be clarified to follow the monotonic mappings. The second shortcoming is the overestimation of non-Gaussian skewness or kurtosis for both the lower-order Hermite models of softening process and the model of hardening process.
Basing on the Hermite moment model, Kareem and Zhao(1994) introduced an analytical form of a univariate non-Gaussian peak factor into the wind engineering, in which the closed-form solutions of the parameters in Hermite model, called Winterstein's formulae, are adopted. Subsequently it has been utilized for wind effects problems in Binh and Ishihara (2008) , Pillai and Tamura (2009) and Balderrama (2012) , among others. Kwon and Kareem (2011) reviewed the non-Gaussian peak factor and recommended both the revised and the 4th-order Hermite model to estimate precisely the extreme wind load. Chen (2009) pointed out that Winterstein's formulae overestimate the kurtosis of non-Gaussian process and that the non-Gaussian peak factor is overestimated. The overestimation can also be observed by comparing with the measured extreme values of wind-excited responses of low-and mediumrise buildings (Pillai and Tamura 2009) . After a bandwidth parameter was introduced to estimate the Gaussian peak factor, it seems that the overestimation of non-Gaussian peak factor disappears (Pillai and Tamura 2009) .
In this paper, Section 2 starts with the derivation of both the 1 st -to 4 th -order Hermite moment models of softening processes and the model of hardening process. The monotonic limits are found numerically and plotted as function of the skewness and kurtosis; therefore it is convenient to judge directly the order of Hermite model from the skewness and kurtosis instead of solving a set of simultaneous equations. The systematic errors exist in the lowerorder Hermite models are investigated and the iterative procedures to increase the transformation precision and the corresponding stoppage criteria are presented. Then the nonGaussian peak factor is produced after the Gaussian peak factor is calculated and substituted into the Hermite model. Section 3 focuses on the comparison of the reduced and closed-form formulae of Hermite moment model. The non-Gaussian peak factors, in which the different reduced formulae are utilized, are also compared to illustrate both the relative errors and the overestimation of non-Gaussian peak factors. Section 4 discusses the influence of bandwidth parameters on the Gaussian peak factor. Finally, three methods of calculating the nonGaussian peak factor are applied and compared and some conclusions are drawn.
Improved Hermite Moment Model and Non-Gausssian Peak Factor

Softening process
A non-Gaussian process is called the softening process in which the kurtosis is larger than 3.0. The standard non-Gaussian history, ( ) Z t , with mean zero and unit variance can be approximated by the first three-degree Hermite polynomials of a standard Gaussian history, ( ) U t , which is called Hermite moment model presented by Winterstein (1987) ; it follows
where x m and x σ denote respectively the mean and standard deviation of the non-Gaussian history ( ) X t ; and
H ⋅ is the ith-degree Hermite polynomial and
; and the parameters 3 h , 4 h are dependent on the skewness and kurtosis of ( ) Z t ; and the parameter k is a scale factor that ensures unit variance for the standard Gaussian variable ( ) U t . The procedure to determine the three parameters is as follows. The Hermite operation is performed on the two sides of Eq.(1) and the Taylor expansion of the Hermite polynomials is given as 
The condition on the monotonic mapping in Eq.
(1) has been derived in Winterstein (1987) ( 1 6) 1 (1 2)
(1 6)
The monotonic limit of the 1 st -order Hermite model is an ellipse (Winterstein 1987) , of Eq. (7) are substituted into Eqs. (4), (5) and (6), the monotonic limits of the 2 nd -, 3 rd -and 4 th -order Hermite models of softening process can also be described in the form of the skewness and kurtosis and shown in Fig (
In the Hermite model of softening process, the 4 th -order Taylor expansions of Hermite polynomials, 2 ( ( )) H Z t , 3 ( ( )) H Z t and 4 ( ( )) H Z t , ensure the equalities of 2 nd -, 3 rd -and 4 th -order moments on the two sides of Eq.(1); therefore the parameters, k , 3 h and 4 h , determined from Eqs.(6) ensure that the history ( ) U t follows exactly the standard Gaussian distribution. However, when the combination 3 4 ( , ) m m is located inside the monotonic limit of Zone III in Fig.1 , the 3 rd -order Hermite model or the combination of Eqs. (1) and (5) m m is located inside Zones I, II or III, the approximated Gaussian history can be further transformed by the 1 st -order Hermite model to make the approximated Gaussian history get closer to the standard Gaussian history. A recurrence equation applicable to Zones I, II or III can be obtained to improve the transformation precision as 
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In the iterative process, the condition of monotonic mapping must be satisfied, i.e.,
The Jarque-Bera test is conducted to check the solution ( ) n U t to follow the Gaussian distribution or not. If ( ) n U t follows the Gaussian distribution, the iteration procedure can stop. If the condition of the monotonic mapping is not satisfied, the iteration procedure must quit.
Hardening process
A non-Gaussian process is called the hardening process in which the kurtosis is less than 3.0. Winterstein(1987) presented the approximated translation between a hardening process ( ) Z t and a Gaussian process ( ) 
In the iterative process, the monotonic mapping, which has to be satisfied and shown in Fig.1 
The Jarque-Bera test is conducted to check if the solution ( ) n U t follows the Gaussian distribution or not. If ( ) n U t follows the Gaussian distribution, the iteration can stop. If the condition of the monotonic mapping is not satisfied, the iteration must quit.
Non-Gaussian peak factor
Because of the one-to-one mapping between the non-Gaussian process and the Gaussian process, the non-Gaussian peak factor of softening process is produced as
in which g is the peak factor of the transformed Gaussian history. The positive and negative peak factors of the non-Gaussian history are obtained after the positive and negative peak factors of the Gaussian history are substituted into Eq.(17). The non-Gaussian peak factor of hardening process is worked out from the following equation, i.e., ; and 0 ν + denotes the mean zero up-crossing rate; and T denotes the time duration. In the above equation, some terms are neglected as their contributions to the non-Gaussian peak factor are small. For example, the peak factor of a Gaussian process is 3.5 and it is substituted respectively into Eq. (17) and (20), in which the parameters k , 3 h and 4 h are calculated respectively by Winterstein's formulae and the 4 th -order SHM. The approximated and exact solutions for the non-Gaussian peak factors and their relative errors are contoured in Fig.3 . It is clear that the relative errors between the approximated and exact solutions are less than 20% for the positive skewed processes, in which the skewness is larger zero. However the overestimations of the positive peak factors of the negative skewed processes are unaccepted. Since the positive peak factors of the positive skewed processes are focused on, the positive peak factors of the negative skewed processes are sometimes neglected. If the Gaussian peak factor is -3.5, an opposite conclusion can be drawn.
It is noted that Eq. (20) derived by Kareem and Zhao (1994) is applicable to calculating the positive peak factors. If the negative peak factor of a negative skewed process is paid close attention to, Eq. (20) can also be utilized provided that the signs of the measured history are reversed.
Revised Winterstein's formulae
To overcome the overestimation of Winterstein's formulae, the revised formulae of 3 h and 4
h , are presented in Winterstein (1994) 
The revised Winterstein's formulae are intended to apply for the 2 nd -order Hermite model of the softening process. Winterstein (1994) gave a practical application range, i.e., . The precisions of three parameters k , 3 h and 4 h are improved significantly.
If the Gaussian peak factor is 3.5, the non-Gaussian peak factors, contoured in Fig.4a , are worked out by Eqs. (21) and (17). Compared with the exact solution shown in Fig.3b , the relative errors of the non-Gaussian peak factors are shown in Fig.4b . It is obvious that the relative errors of the non-Gaussian peak factors of the positive skewed processes are less than 10%; for the most part, they are less than 5%. 
If the Gaussian peak factor is 3.5, the comparison between the approximated and exact non-Gaussian peak factors is shown in Fig.5 . Compared with the revised Winterstein's formulae, the innovative formulae enlarge the applicable range and ensure the precision of non-Gaussian peak factor. The bandwidth parameters influence on the precision of the Gaussian peak factor directly and on the precision of the non-Gaussian peak factor indirectly. One commonly utilized bandwidth parameter is expressed as After the band-width parameter q was introduced, the mean upcrossing rate for a stationary Gaussian process can be deduced from the envelope-crossing theory and the twostate Markov process (Vanmarcke 1972 (Vanmarcke , 1975 ; and its empirical formula is expressed as 
The resulting new probability distribution of the maximum values is produced as
which can be applied to the narrow-band process or the clumps of extreme values. Accounting for the bandwidth parameter q , Vanmarcke (1972) developed an empirical Gaussian peak factor, called hereinafter Vanmarcke's peak factor, as 1. 2 0 0 2 log 1 exp log log (1 ) log(1 )
where p is the occurrence probability of the extreme value distribution.
CLH's peak factor
Another bandwidth parameter ε is defined in terms of the moments 0 λ , 2 λ and 4 λ as follows (27) The factor ε is related to the forth moment 4 λ which is similar to the concept of the kurtosis of a probability density function. The factor ε with the value one means the very narrow-band process. Vanmarcke (2010) pointed that the higher-order moments tend to be extremely sensitive to the high-frequency content of power spectrum about which information is often scant. Lutes (2004) also pointed out that one disadvantage of ε , as compared with q , is its increased sensitivity to the high frequency components of auto-spectral density, resulting in its being one if the spectral density does not decay more rapidly than the frequency to the power minus 5. Pillai and Tamura (2009) 
The above formula reduces to Davenport's peak factor for 0 ε = . Figure 6 shows the comparison of Vanmarcke's, CLH's and Davenport's peak factors, in which the occurrence probability is 0.57 and the duration is 600s. It can be seen that Vanmarcke's peak factor is very close to the Davenport's peak factor when the factor q is one. With the decrease of the factor q , the Vanmarcke's peak factor decreases while the CLH's peak factor decreases with the increase of the factor ε . 
Application and Discussion
The wind pressure coefficient histories on a flat roof model were measured in the Laboratory of Urban Wind Environment and Structural Wind Engineering in Beijing Jiaotong University while 175 runs with 10-minute duration at the wind angle of 45 degree were conducted independently.
The 175 samples at the apex of the conical vortex are selected. Among them, 141 samples can be applicable to both the 2 nd -and the 4 th -order Hermite moment models of softening process; and 25 samples should be applied to the 1 st -order Hermite model of softening process; and 9 samples are the hardening processes. Since Winterstein's formulae are derived from the 2 nd -order Hermite model of softening process, the non-Gaussian peak factor methods mentioned in Kareem and Zhao (1994) , Pillai and Tamura (2009) (Winterstein 1987) . The Gaussian peak factors, shown in Fig.7(a) , are calculated by both Davenport's and CLH's formula shown in Eq.(28). It is clear that the CLH's peak factors are smaller than the Davenport's peak factors since the bandwidth parameter ε is considered. In this example, the mean value of the factors ε is 0.97 which leads to the smaller CLH's peak factors. Vanmarcke's peak factors (Vanmarcke 1972) are very close to Davenport's peak factors. It seems that the influence of the bandwidth parameter in Vanmarcke's peak factor formula can be neglected and that the CLH's peak factor formula is probably invalid to estimate the Gaussian peak factors in this example. Hence either Davenport's peak factor or the Vanmarcke's peak factor are preferred to be selected. Substituting Davenport's or CLH's peak factors into Eq.(20), the non-Gaussian peak factors are obtained and the first 30 peak factors are shown in Fig.7(b) . Using the improved Hermite models, all the 175 samples are transformed precisely into the Gaussian histories; and the non-Gaussian peak factors are produced by Eqs.(17) and (18), in which the Gaussian peak factors come from Davenport's formula. The mean values of the peak factors are -4.7, -5.0, -5.3 and -4.4 for the measured peak factors, the method presented in this paper, Kareem and Zhao's method and Pillai and Tamura's method, respectively. Compared with the measured peak factors and its ensemble mean, Kareem and Zhao's method overestimates the peak factor while the non-Gaussian peak factors calculated in this paper are closer to the measured values. In the Pillai and Tamura's method, the underestimation of the Gaussian peak factors counterbalances the overestimation of Winterstein's formulae by pure coincidence although the peak factors from Pillai and Tamura's method are very closer to the measured values in this example.
Conclusions
Using the Hermite moment models, the non-Gaussian peak factor method is improved and compared with Kareem and Zhao's method, Pillai and Tamura's method. Kareem and Zhao's method overestimates the peak factor because of the overestimation of Winterstein's formulae while Pillai and Tamura's method underestimates the Gaussian peak factor since the bandwidth parameter ε is very sensitive to the high-frequency contents.
